Abstract: Plant cultivation and processing may impact nutrient and phytochemical content of vegetables. The present study aimed at determining the influence of cultivation and processing on the health promoting capacity of African nightshade (Solanum scabrum Mill.) leaves, an indigenous vegetable, rich in nutrients and phytochemicals. Anti-genotoxicity against the human liver carcinogen aflatoxin B1 (AFB 1 ) as determined by the comet assay and radical oxygen species (ROS) scavenging capacity of ethanolic and aqueous extracts were investigated in human derived liver (HepG2) cells. ROS scavenging activity was assessed using electron paramagnetic spin resonance and quantification of ARE/Nrf2 mediated gene expression. The cultivation was done under different environmental conditions. The processing included fermentation and cooking; postharvest ultraviolet irradiation (UV-C) treatment was also investigated. Overall, S. scabrum extracts showed strong health promoting potential, the highest potential was observed with the fermented extract, which showed a 60% reduction of AFB 1 induced DNA damage and a 38% reduction in FeSO 4 induced oxidative stress. The content of total polyphenols, carotenoids and chlorophylls was indeed affected by cultivation and processing. Based on the present in vitro findings consumption of S. scabrum leaves could be further encouraged, preferentially after cooking or fermentation of the plant.
. S. scabrum aerial parts.
Processing of S. scabrum Leaf Material
Fermentation: this was done by submerged fermentation where freshly harvested leaves; 700 g (location A) were washed with tap water, then immersed in 10 L crock pots typically used in Germany for Sauerkraut fermentation as previously described [10, 11] , with 2.1 L of a 2.5% brine solution (containing 3% salt and 3% sugar). The fermentation was inoculated with 1 × 10 7 CFU/mL of each of the starter bacteria Lactobacillus plantarum BFE 5092 and Lactobacillus fermentum BFE 6620 and left to ferment at 25 °C for 144 h. This fermentation was followed by removal of the brine, weighing of the plant material, freeze drying and grinding to a fine powder.
Cooking (thermal treatments): this entailed boiling of the leaf material where freshly harvested leaves (location B) were washed with tap water then sliced to 1 cm pieces with a kitchen knife and then finally immersed in 100 mL of boiling water. They were cooked (simmered) for 20 min and then the excess water was drained out using a sieve. The drained samples were immediately cooled on ice and then frozen. They were freeze dried and ground to a fine powder.
UV-C treatment: The freshly harvested leaves of S. scabrum were immediately treated with UV-C in an UV-C chamber (ABOX ® UV Technology, UMEX GmbH, Germany), where temperature and relative air humidity were kept constant at 5 °C and 85%, respectively. UV-C dosage was achieved with medium pressure mercury vapour discharge lamps with a peak emission at 254 nm (VL-6C, 6 W-254 nm Tube, Power: 11 W, Vilber Lourmat GmbH, Germany). The lamps were placed at a distance of 0.4 m to leaves. The dosage was calculated from the product of exposure time and irradiance, as measured by a portable handheld digital radiometer (UVPAD-E, Opsytec Dr. Gröbel GmbH, Germany). Based on this, two different dosages were applied, that is, 1.7 kJ m −2 and 3.4 kJ m −2 . Non-treated plants served as control. Thereafter, leaves were stored at 5 °C (85% relative Humidity: RH) for 14 days and 20 °C (85% RH) for 6 days. The leaves were then freeze dried and ground to fine powder.
Extract Preparation by Sonication
The solvents used for extraction of the freeze-dried plant powder were either 70% ethanol (EtOH) or double distilled water (ddH2O) each used at a 1:10 ratio. A sample of 0.5 g of the plant powder was diluted in 5 mL of 70% EtOH or ddH2O (stock concentration: 100 mg/mL). The mixture was incubated using a sonicator water bath at 50 °C for 30 min as previously described [12] 
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Determination of S. scabrum Phytochemical Content
Chemical analyses were done as previously described [12, 13] . Phenolic compounds were analysed by high pressure liquid chromatography (HPLC) (Agilent HPLC series 1100, Agilent Technologies Sales & Services GmbH & Co. KG, Waldbronn, Germany) coupled to an ion trap mass spectrometer (Bruker Amazon SL, Bruker, Bremen, Germany). Quantification of phenolics was done using standards of caffeoylquinic acid [chlorogenic acid], quercetin 3-O-glucoside, kaempferol 3-O glucoside and isorhamnetin-3-O-glucoside (Carl Roth, Karlsruhe, Germany), which were used for external calibration curves. Carotenoids and chlorophylls were analysed using ultra-high-pressure liquid chromatography (UHPLC) (Agilent Technologies 1290 Infinity II) coupled with time of flight mass spectrometry (ToF-MS) (Agilent Technologies 6230 TOF LC/MS) equipped with an atmospheric pressure chemical ionization source (Agilent Technologies). External standard calibration curves of each compound were used for quantification. Compounds below the quantification limit were indicated as not detected (n.d.).
Cell Cultures
The cell lines used were human derived liver (HepG2) cells and a genetically modified form (ARE reporter HepG2 cells). The HepG2 cell line (ACC-180) was obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ; Braunschweig, Germany) while the recombinant ARE reporter-HepG2 cell line designed to monitor the nrf2 antioxidant response pathway was obtained from BPS Bioscience, Inc., (San Diego, Califonia, USA) (60513-GVO-BPS). The cells were cultured as described [12] with few modifications; the cells were grown in DMEM medium supplemented with 15% FCS and 1% penicillin/streptomycin solution. Additionally, 600 µg/mL geneticin antibiotic was used in ARE reporter HepG2 cell line. Incubation was done in a 95% humidified incubator at 37 • C and 5% CO 2 .
Assessment of Anti-Genotoxic Activity of Leaves of S. scabrum Using the Comet Assay
The Comet assay was used to determine anti-genotoxic activity of S. scabrum which was performed according to Lamy et al. [14] , with few modifications. Pre-treatment of HepG2 cells was done with either water or ethanol extracts from S. scabrum for 24 h, experimental control were considered. The cells were then washed and exposed to 10 µM AFB 1 or 0.1% DMSO for another 24 h. Comet assay was then performed and analysis done with Comet 5.5 image software (Munich, Germany) connected to a Leica fluorescence microscope (Leica DMLS; Wetzlar, Germany; excitation filter: BP 546/10 nm; barrier filter: 590 nm) connected to a high sensitivity charge-coupled (CCD) camera. The percent tail DNA was used as the parameter for indicating DNA damage.
Determination of Anti-Oxidant Activity of S. scabrum
The anti-oxidant activity of S. scabrum was determined by electron paramagnetic resonance spectroscopy (EPR) equipped with temperature and gas controller Bio III (Noxygen, Elzach, Germany) which is capable of detecting ROS in the cells. HepG2 cells pre-treated with water or ethanolic extracts from S. scabrum were used. The EPR spectroscopy protocol previously described by Lamy et al. [15] was adopted with few modifications. HepG2 cells were exposed to (a) 200 µM menadione or 0.1% DMSO (solvent control) for 30 min or (b) 100 µM ferrous sulphate or supplemented DMEM medium (solvent control) for 15 min. The cells were then washed with pre-warmed Krebs-HEPES buffer (KHB) followed by either 30 min incubation at 37 • C with spin probe 100 µM CMH in KHB supplemented with 25 µM DFO and 5 µM DETC, or 120 min incubation at 37 • C with 1-hydroxy-4-phosphono-oxy-2,2,6,6-tetramethyl-piperidinethe (PPH) at a concentration of 200 µM in KHB supplemented as mentioned above. Supernatants were transferred to new reaction tubes and kept on ice. A 10 scan screening was done for each sample using 50 µL glass capillaries.
Assessing Induction of Nrf2 Antioxidant Pathway by S. scabrum
The ARE/Nrf2 reporter gene activity was measured to determine the induction of the Nrf2 anti-oxidant pathway which was analysed according to the manufacturer's instructions using the ONE-Glo™ Luciferase Assay System (Promega GmbH, Mannheim, Germany). In brief, HepG2-ARE cells were seeded in 96 well plates (4 × 10 4 cells/well) and immediately exposed to the S. scabrum extracts. After incubation for 18 h, cells were lysed and luminescence measured 15 min after substrate addition using an infinite M200 microplate reader (Infinite M200, Tecan Group Ltd., Männedorf, Switzerland).
Measurement of Cytotoxicity and Cytostatic Activity
Cytotoxicity was determined by checking the viability of HepG2 cells treated with S. scabrum extract or solvent control after 48 h using the trypan blue dye exclusion test. Total numbers of extract treated cells were compared with the solvent control. Counting was done using an Neubauer improved counting chamber (Brand GmbH & Co. KG, Wertheim, Germany).
Data Analysis
All data were analysed using Graph Pad Prism 6 (GraphPad Software Inc., San Diego, CA, USA). Results of the cell culture experiments are presented as means of at least three independent experiments. Differences were considered significant at p ≤ 0.05 (*), p ≤ 0.01 (**). Statistical significance was assessed using two-way analysis of variance (ANOVA) followed by Dunnett's multiple comparisons test.
Results

Phytochemical Composition of Raw, Processed and UV-C Treated S. scabrum
The impact of cultivation and processing condition on the content of secondary plant metabolites is presented in Tables 1-5 . Phenolic compounds, carotenoids and chlorophylls were analysed in the plant extracts. The highest amounts of phenolic compounds (19,644.4 µg/mL) or (196,444 µg/g dry matter (DM) of leaves) were detected in raw extracts from plants grown in open greenhouse from location B (see Table 4 ). The least was found in the cooked ethanolic extracts from location B (3024.2 µg/mL) or (30,242 µg/g DM) (see Table 2 ). Carotenoids and chlorophylls were not detected or only at minor amounts in water extract (see Table 1 and 2) but in ethanolic extracts, the content of carotenoids ranged from 17 µg/mL or 170 µg/g DM (raw plant extracts from open greenhouses) to 179 µg/mL or 1790 µg/g DM (fermented plant extracts). The chlorophyll content ranged from 5 µg/mL or 50 µg/g DM in the fermented plant extract to 464 µg/mL or 4640 µg/g DM in the raw plant extract from location C. The effect of S. scabrum extracts against aflatoxin induced DNA damage was assessed using the comet assay. Basically, all the extracts tested (different cultivation environment and processing conditions) were protective against AFB 1 induced damage by more than 30% at the highest concentration tested (111 µg/mL) as shown in Figures 2 and 3 . The anti-genotoxic potential against AFB 1 of raw extracts from plants cultivated within locations in Germany varied between 34 to 51% (Germany, location A: 34%, location B; 45%, location C: 51%) or Kenya (48%). Cultivation under open or normal greenhouse conditions did not significantly affect the anti-genotoxic potential (open greenhouse: 53% vs. normal greenhouse: 47%), Figure 3 . Overall, processing in terms of fermentation or cooking further increased the anti-genotoxic potential of the plant extract as compared to the raw material (fermented: 60% vs. raw: 34%; cooked: 49% vs. raw: 45%). With 60% inhibition, the fermented ethanolic extract demonstrated the strongest protection against AFB 1 (see Figure 2A) .
When plants were treated with UV-C after harvesting, the anti-genotoxic potential was less at 37 µg/mL as compared to the untreated plant material but this was compensated for at the highest concentration tested (UV-C treated: 53% vs. control 51%), Figure 3 
ROS Scavenging Activity and Induction of ARE/Nrf2-Mediated Gene Expression
First, the capacity of ROS scavenging by the plant extracts was investigated using EPR. ROS production by menadione or FeSO4 resulted in a 4-fold or 2.2-fold increase, respectively over the solvent control (data not shown). In both experimental settings either using menadione or FeSO4 as stressor, all the tested extracts showed the potential to reduce stimulated ROS production (Figure 4  A-C) . At the highest concentration tested, reduction in ROS production triggered by menadione ranged between 26% by plant extracts from location A ( Figure 4A ) to 24% from location B ( Figure  4B ). Processing either by fermentation or cooking did not impact the antioxidant activity as compared to the raw extract (fermented extract: 31% reduction, cooked extract: 28% reduction). A similar observation was made for ROS inhibition triggered by FeSO4 ( Figure 4C ) although the inhibitory potency was somewhat higher compared to that seen with ROS inhibition induced by menadione. Inhibition was 38% by the fermented extract from location A, 26% by the cooked extract from location B and 38% by the UV-C treated extract from location C ( Figure 4C) .
Additionally, the potential of the extracts to activate the Nrf2 antioxidant pathway was investigated using a Nrf2/ARE Luciferase Reporter HepG2 cell line ( Figure 5A-C) . In general, the effect of the extracts in this assay was very weak. Only after 100 times concentration of the plant extract, gene expression could be seen in this assay. Then, a concentration-dependent increase in ARE/Nrf2-mediated gene expression was observed upon exposure to the raw extract from location A, with an up to 4-fold induction ( Figure 5A ) but not after processing in terms of fermentation. Further, extracts prepared from raw and cooked plant material from location B ( Figure 5B ) showed a 6-fold and 8-fold increase at the highest concentration tested, respectively. In contrast to this, plant material from location C, either untreated or processed had no effect in the assay ( Figure 5A and C) . 
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Induction of Cytotoxicity by Ethanolic S. scabrum Extracts
Relevant cytotoxicity could not be observed upon treatment of the cells (HepG2) with the extracts of S. scabrum for 48 h as shown in Figure 6A -C. All the concentrations of the extract tested showed a viability >70%.
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Discussion
The cancer preventive potential in terms of protection from DNA damage and oxidative stress of Solanum species has previously been studied but not much information has been available for the leaves. Anti-mutagenicity as determined by the micronucleus test in mice bone marrow was shown by ethanolic fruit extracts from S. lycocarpum [16] and ethanolic leaf extracts from S. paniculatum L. [17] . Aqueous leaf extract of S. nigrum have been shown to suppress mitochondrial function and epithelial mesenchymal transition in MCF-7 breast cancer cells [18] and to cause >50% cytotoxicity in human A-375 melanoma cells [19] . The present in vitro findings suggest that basically, at non-toxic concentrations, the leaf extract of S. scabrum has chemopreventive properties in terms of anti-genotoxicity against AFB1 and antioxidant potential. The cultivation conditions of the plant obviously had an impact on the observed anti-genotoxic potential against AFB1 but with an observed variance of 17% it was not that marked between the raw extracts derived from different locations. This information is important because it shows that no matter if the plants were grown under open field conditions in the climate region of Germany or Kenya or under very controlled conditions such as greenhouse usage, a basic health promoting potential of the plant leaves seems to be given. Currently, there exist no standard procedure for cultivation and processing of African indigenous vegetables (AIVs). However, it is an area that is slowly drawing interest with the focus of trying to come up with the optimal cultivation conditions and processing method. So far, pre-and post-harvest procedures have been reported to impact the content of phytochemicals of the AIVs and could consequently also affect the bioactivity. As an example, the leaf extract from the medicinal plant Achillea collina grown in high altitude had a higher polyphenol level than the one grown in low altitude [20] . This was also shown for the soil water content [21] . For plant fermentation, it has been shown to impact the polyphenolic content and then also the antioxidant activity [22, 23] . Thus, we addressed this issue for S. scabrum in the present study. 
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Polyphenols are well known for their anti-genotoxic, antioxidant and anti-cancer capacities [24] [25] [26] . These phytochemicals also can activate the NRF2 pathway and in the end result in production of antioxidant enzymes capable of reducing oxidative stress in the cells [27] [28] [29] . The analysed carotenoids contained majorly lutein and zeaxanthin which have previously been shown to have antioxidant activity [29] [30] [31] [32] and also chlorophylls are known anti-genotoxicants and antioxidants [33] . Carotenoids have also been reported to interact synergistically with polyphenols to confer antioxidant activity [34] . In the present study, all tested extracts showed antioxidant capacity against both menadione and FeSO 4 with a comparable potential. While menadione induces ROS by redox cycling via one-electron reductive enzymes [35] , the iron (II) ion from FeSO 4 acts as key generator in the intracellular formation of ROS such as H 2 O 2 and OH radicals [36, 37] . In another study by our group we could detect significant antioxidant activity of the AIV Amaranthus cruentus against FeSO 4 but not menadione [38] . Due to the differential finding, we then argued that indeed the detected polyphenols in the plants could account for the observed anti-oxidant effect since their antioxidant activity largely depends on their iron-chelating properties [39] . This similarly could explain the activity seen here with S. scabrum against FeSO 4 .
Taken together, for the present study, no clear phytochemical pattern was identified, which could sufficiently explain the observations in bioactivity. For the AIV B. carinata, we already found that plant processing in terms of cooking or fermentation had an impact on the phytochemical content but this did not adversely affect the anti-genotoxicity of the plant, too [12] . Cooking then rather increased the antioxidant capacity of the ethanolic plant extract. Of course, synergistic effects of the diverse bioactive compounds as well as activity of de-glucosylated and decomposition products could also have some impact. As previously studied [40, 41] , the radical scavenging activity of polyphenols was reported to be stable although the original compound mixture was decomposed. In another study, synergy between compounds was proposed to be up to 24% of the observed antioxidant activity which could be explained by the calculated total phenolic compounds from red wine [42] . Besides polyphenols, carotenoids and chlorophylls [3, 43] , Solanum species were reported to possess a number of further potent bioactive phytochemicals such as solasodine, solanidine and solamargine that also have anticancer and antioxidant activity [44] [45] [46] but these have not been analysed here.
Photosynthetically ineffective light such as UV light has increasingly gained interest for improving postharvest quality [9] , at present primarily UV-C (190-280 nm) applied for effective surface decontamination [47, 48] , directly damaging microbial DNA. However, it also affects textural properties [49] and induces the biosynthesis of plant secondary metabolites [9, 50, 51] . Thus, the present investigations also analysed whether this postharvest method might be recommended also in terms of bioactivity preservation. Present results confirmed that neither the anti-genotoxic nor antioxidant potential of the plant is adversely affected. Thus, UV-C treatment might be recommended when envisaging postharvest disinfection purposes, that is, food safety issues of AIVs in postharvest and guaranteeing no negative impact on health promoting compounds.
The present study was carried out using a human liver-derived cell line which is known for their metabolically competence in phase I and II enzyme activities [52, 53] . Thus, it is a useful in vitro system to partly reflect the human liver metabolism of the phytochemicals and also the applied carcinogen AFB 1 . However, of course it cannot reflect the complex processes that occur during digestion of the plant material in the human body. Especially the gut microbiota is known to extensively metabolize phytochemicals which in consequence greatly influences their bioavailability [54] . This is certainly a limitation of the study.
Conclusions
Irrespective of the processing method, consumption of the leaves from S. scabrum might help in cancer prevention strategies, based on the present in vitro findings. Processing clearly affected the content of phytochemicals but this did not result in a diminished chemopreventive effect. However, other endpoints relevant for cancer prevention may perhaps be influenced by this change in phytochemicals, in a negative or positive way. Cooking and fermentation are simple preservation methods in terms of preventing the growth of bacteria, fungi and other microorganisms, which gives them a clear advantage to consumption of the raw plant material. Selection of the Solanum species for consumption should be carefully considered since species like S. nigrum have been reported to have toxic substances in certain part of the plants. The cheap UV-C postharvest treatment could be a potential alternative based on the present findings.
